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Sensitivity of Juvenile Striped Bass to 
Chemicals Used in Aquaculture 

by 

Terry D. Bills, Leif L. Marking, and George E. Howe 

U.S. Fish and Wildlife Service 
National Fisheries Research Center 

P.O. Box 818 
La Crosse, Wisconsin 54602 

Abstract. Efforts to restore anadromous striped bass (Morone saxatilis) populations by 
the U.S. Fish and Wildlife Service and other agencies over the past 20 years have 
concentrated on hatchery culture to supplement dwindling natural reproduction. Adult 
fish captured for artificial spawning are stressed by handling and crowding in rearing 
ponds and are often exposed to therapeutants, anesthetics, disinfectants, and herbicides 
used in fish culture. We determined the toxicity of 17 fishery chemicals (cUoramine-T, 
erythromycin, formalin, Hyamine 3500, Roccal, malachite green, sulfamerazine, 
benzocaine, etomidate, Finquel [MS-222], metomidate, quinaldine sulfate, chlorine, 
potassium permanganate, Aquazine, copper sulfate, and Rodeo) to striped bass fry 
(average weight = 1 g) in reconstituted water (total hardness 40 mg/L) at 12° C. The 96-h 
LC50*s (concentration calculated to produce 50% mortality in a population) ranged from 
0.129 mg/L for malachite green to 340 mg/L for erythromycin. We also determined the 
effects of selected levels of water temperature, hardness, and pH on the toxicity of 
chloramine-T, formalin, malachite green, and Roccal. There were no differences in toxicity 
for any of the chemicals at any water quality variable tested except for chloramine-T, 
which was about 25 times more toxic in soft, acid water than in soft, alkaline water. Our 
data show that the striped bass is as sensitive to fishery chemicals as rainbow trout 
(Qncorhynchus mykiss), but is generally less resistant than bluegill (Lepomis 
macrochirus) and channel catfish (Ictalurus punctatus). 

Key words: Anesthetics, disinfectants, herbicides, Morone saxatilis, striped bass, 
therapeutants, toxicity. 

The striped bass (Morone saxatilis) also known West Coast and stocked in San Francisco Bay 
as rockfish, rock, or linesides, has been an impor- (Parker 1984). A hatchery was constructed on the 
tant resource since the colonization of America Roanoke River at Weldon, N.C., in 1881, and 
(Setzier et al. 1980). The range of the striped bass striped bass were stocked along the Atlantic coast 
originally extended along the east coast of North to supplement natural populations. However, in- 
America from the St. Lawrence River south to terest in striped bass culture waned from the early 
Florida and west to Louisiana (Raney et al. 1952). 1900's to the 1950's, when stocking in reservoirs 
Artificial culture of striped bass began in the late in the southeastern United States produced a 
lcWs when yearlings were transported to the popular inland striped bass fishery. This develop- 
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ment, along with a greatly depleted coastal striped 
bass fishery, caused fishery agencies to reevaluate 
the striped bass program (Stevens 1979). 

Since the Wlffa, the U.S. Fish and Wildlife 
Service and other natural resource agencies have 
annually produced from 8 to 10 million striped bass 
for the restoration of anadromous populations. 
Striped bass culture requires extensive handling 
of fish, which results in stress and injury and 
makes them susceptible to disease and parasites; 
therefore, a variety of chemicals are used in their 
culture. 

Although striped bass culture is not new, infor- 
mation on the toxicity of fishery chemicals to 
striped bass is limited. Wellborn (1969) and 
Hughes (1971) determined the toxicity of several 
compounds used in striped bass culture. They con- 
cluded that striped bass are more sensitive to 
chemicals than are most freshwater fishes. Our 
study was conducted to determine the sensitivity 
of striped bass to 17 chemicals that are commonly 
used in culture or that have been proposed for such 
use. The chemicals tested included therapeutants, 
anesthetics, disinfecting agents, and herbicides. 

Materials and Methods 

We used static toxicity test procedures described 
by the Committee on Methods for Toxicity Tests 
with Aquatic Organisms (1975) and ASTM Com- 
mittee E-35 on Pesticides (1980). We exposed 10 
juvenile (1-g) striped bass to each test concentration 
of chemical in glass jars containing 15 L of oxygen- 
saturated test water. Reconstituted test waters 
were prepared according to standardized proce- 
dures to produce the desired water quality. Tem- 
peratures were regulated by immersing the test 
jars in a constant-temperature water bath; tests 
were conducted at 12,17, and 22° C. 

Striped bass for the study were obtained from 
the Welaka (Florida) and Genoa (Wisconsin) na- 
tional fish hatcheries (NFH) and were cultured at 
the La Crosse (Wisconsin) National Fisheries Re- 
search Center. The fish were treated twice weekly 
with a 2% sodium chloride bath for 1 h and were 
acclimated to the desired water chemistries and 
temperatures for 24 h before each exposure. Obser- 
vations on mortality were made at 1, 3, and 6 h 

during the first day of exposure and once daily 
thereafter for 4 days. 

Chemicals and manufacturers or suppliers 
were as follows: chloramine-T, Badger Pharmacal, 
Inc.; erythromycin, CEVA Laboratories; formalin, 
Argent Chemical Company; Hyamine 3500, Rohm 
and Haas Company; Roccal, Hilton-Davis Chemi- 
cal Company; sulfamerazine, Argent Chemical 
Company; benzocaine, Aldrich Chemical; etomi- 
date, Tavolet Chemical Company; Finquel (MS- 
222), Ayerst Laboratories, Inc.; metomidate, 
Janssen Pharmaceutical Company; quinaldine 
sulfate, McLaughlin Gormley King Company; 
chlorine (HTH), Olin Corporation; malachite 
green, potassium permanganate, and copper sul- 
fate, Fisher Scientific Company; Aquazine, Ciba- 
Geigy Corporation; and Rodeo, Monsanto Agricul- 
tural Products Company. 

All 17 chemicals were tested in soft water at 12° C 
on fish from Welaka NFH. Six chemicals were tested 
on fish cultured at the Genoa NFH, which repre- 
sented a different year class and culture location, to 
determine if either affected their sensitivity to 
chemicals. Four chemicals—chloramine-T, for- 
malin, malachite green, and Roccal-^were tested on 
fish from the Genoa NFH in waters of different 
temperature, hardness, and pH to determine if 
changes in water characteristics affect sensitivity 
to chemicals in juvenile striped bass. The methods 
of Litchfield and Wilcoxon (1949) were used to com- 
pute the LC50's (concentration producing 50% mor- 
tality) and 95% confidence intervals. 

Sensitivity to Fishery 
Chemicals 

Of the 17 chemicals tested, 16 were toxic (Table 
1). Sulfamerazine, a bactericide for treatment of 
kidney disease, was the only chemical that did not 
cause mortality. Concentrations of £100 mg/L 
formed a precipitate that settled to the bottom of 
the test vessel. We concluded that saturation was 
achieved before a lethal level could be reached. 

Malachite green, a therapeutant, was the most 
toxic chemical tested. The 96-h LC50 was 
0.192 mg/L in soft water at 12° C. Bills et al. 
(1977b) reported that the 96-h toxicity of malachite 
green to nine fish species ranged from 0.0305 mg/L 
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for bluegill (Lepomis macrochirus) to 0.383 mg/L 
for coho salmon (Oncorhynchus tshawytscha). A 
range of LCöO's from 0.168 to 0.288 mg/L was re- 
corded for rainbow trout (O. mykiss) under varying 
conditions of water temperature, hardness, and pH. 
Our data indicate that striped bass are similar to 
rainbow trout in their sensitivity to malachite 
green. 

Copper sulfate, an algicide, and chlorine, a dis- 
infecting agent, were the next most toxic chemi- 
cals to striped bass. The 96-h LC50 was 
0.234 mg/L for copper sulfate and 0.351 mg/L for 
chlorine. Johnson and Finley (1980) reported that 
96-h LC50's for copper sulfate ranged from 
0.135 mg/L for rainbow trout to 3.51 mg/L for 
green sunfish (L. cyanellus). We tested striped 
bass in soft water (total hardness 40-44 mg/L as 
CaCC*3). Because the toxicity of copper is affected 
by variations in water chemistry, especially hard- 
ness, we expect that the copper would be less toxic 
to striped bass in harder water, as has been shown 
for other species. Marking and Bills (1977) tested 
the toxicity of chlorine to 12 fish species in stand- 
ardized tests that were similar to those we used 
for striped bass. They reported 96-h LC50's that 
ranged from 0.156 mg/L for channel catfish (Ic- 
talurus punctatus) to 1.41 mg/L for black bullhead 
(Ameiurus melas). However, the 96-h LC50's for 
most of the 12 species tested were between 0.156 
and 0.558 mg/L, and are similar to the values we 
recorded for striped bass. 

Etomidate and metomidate, anesthetics, were 
next in the order of toxicity. The 96-h LCöO's were 
0.282 and 2.00 mg/L, respectively. Both anesthet- 
ics were 10 to 100 times more toxic than the other 
anesthetics tested (benzocaine, quinaldine, and 
Finquel). 

The 96-h LCöO's for Hyamine 3500 and Roccal, 
quaternary ammonium compounds used in the 
treatment of bacterial gill disease, were 1.41 and 
1.90 mg/L, respectively. Willford (1966) reported 
48-h LCöO's for Roccal of 1 to 3 mg/L for six species 
of fish. Our data indicate that the response of 
striped bass to these compounds is similar to that 
of most other species. 

Potassium permanganate, a disinfecting and 
oxidizing agent, was toxic to striped bass at a 
concentration of 1.58 mg/L (96-h LC50). This 
agrees with the 96-h LCöO's of 1-2.5 mg/L reported 

by Wellborn (1969) and Hughes (1971) and is simi- 
lar to the 96-h LCöO's reported for rainbow trout, 
which range from 0.879 to 1.73 mg/L for varying 
conditions of water temperature, hardness, andpH 
(Marking and Bills 1975). 

The 96-h LCöO for chloramine-T, a therapeutant 
used to treat bacterial gill disease, was 6.6Ö mg/L for 
striped bass. The 96-h LCöOs reported for rainbow 
trout and fathead minnow (Pimephales promelas) 
range from 2.80 to 7.80 mg/L Our data indicate that 
striped bass are about twice as resistant to 
cMoramine-T as rainbow trout (Bills et al. 1988). 

The anesthetics benzocaine, quinaldine sulfate, 
and Finquel (MS-222) produced LCöO's between 
20 and 30 mg/L. These values are similar to those 
reported by Marking (1967) for MS-222 and by 
Marking and Dawson (1973) for quinaldine sulfate 
for several fish species. Our data indicate that 
concentrations of anesthetics used for other fish 
should also be safe for use on striped bass. 

Rodeo, a nonselective, broad-spectrum contact 
herbicide, is toxic to striped bass at concentrations 
of about 2ö mg/L. The principal active ingredient 
in Rodeo is glyphosate (JV-fphosphonomethyl] gly- 
cine). The manufacturer lists 96-h LCöO's for Ro- 
deo that range from 86 to 120 mg/L for trout, 
bluegill, and common carp (Cyprinus carpio). Our 
data indicate that striped bass are significantly 
more sensitive to Rodeo than are the species listed 
by the manufacturer. 

The 96-h LC50 for formalin, a parasiticide and 
fungicide, was 7Ö.0 mg/L. This value for striped 
bass is significantly less than those reported by 
Bills et al. (1977a) for salmonids and centrarchids, 
but is similar to the value for channel catfish. 

Erythromycin, a therapeutant used for treat- 
ment of bacterial kidney disease, was relatively 
nontoxic and produced a 96-h LCöO of 349 mg/L 
with striped bass. Erythromycin is administered 
as a feed additive at 9 to 10 g/100 kg of fish per 
day. Under these conditions, toxic levels would not 
be reached even if the feed was not consumed and 
most of the erythromycin went into solution. 

There were no significant differences in the ef- 
fects of chemicals on striped bass of two different 
year classes cultured at Welaka and Genoa NFHs. 
Both groups were exposed to chloramine-T, for- 
malin, Roccal, malachite green, benzocaine, and 
MS-222 (Table 2). 
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Effects of Water Quality on the 
Toxicity of Selected Chemicals 

The toxicity of many chemicals can be affected 
by differences in water quality. We tested four 
compounds that are used routinely in fish culture 
(chloramine-T, formalin, malachite green, and Roc- 
cal; Tables 3-6) to determine their effects on 
striped bass at different levels of water quality. 

Our data indicate that striped bass respond to 
the chemicals and variations in water quality in 
the same way as other fish. Bills et al. (1988) 
reported that the toxicity of chloramine-T to rain- 
bow trout was unaffected by water hardness, in- 
creased slightly in warmer waters, and increased 
significantly in acid waters. At 96 h, striped bass 
were more sensitive in 12° C water than in 22° C 
water (Table 3). Variations in water hardness did 
not affect the toxicity of chloramine-T to striped 
bass, but as water pH decreased, the toxicity in- 
creased nearly 20-fold. 

The toxicities of formalin and malachite green 
were not affected by variation in water hardness 
or pH. However, both chemicals were more toxic to 
striped bass in warm than in cold waters; the 96-h 
LC50s at 22° C increased from 56.0 jiL/L at 12° C 
to 30.0 nL/L for formalin (Table 4) and from 
0.382 mg/Lat 12° C to 0.190 mg/Lfor malachite 
green (Table 5). The toxicity of Roccal to striped 
bass was unaffected at any of the water quality 
levels we tested (Table 6). 

Discussion 

Striped bass require special care during spawn- 
ing and rearing because they are subject to more 
handling and cultural stress than most other fishes 
(Stickney 1986). For example, mature striped bass 
are anesthetized, injected with hormones, and 
either tank-spawned or manually stripped. Fish 
that are manually stripped are anesthetized, 
catheterized, and handled several times before they 
are spawned because egg samples must be removed 
periodically to ensure that they do not overripen 
(Piper et al. 1982). When ovulation occurs in striped 

bass, the eggs detach from the ovaries and must be 
removed before 30 min elapse, or the eggs will die 
from anoxia. 

Newly hatched larvae of striped bass are placed 
in ponds before they are capable of continuous 
swimming, which makes them vulnerable to pre- 
dation by aquatic insects. Potassium permanga- 
nate is routinely used for pond sterilization before 
striped bass stocking (Braschler 1975). Potassium 
permanganate is also used to reduce parasites in 
ponds before harvest because handling opera- 
tions during harvest greatly reduce resistance of 
striped bass to disease (Stickney 1986). The rec- 
ommended application rate for potassium per- 
manganate is 2 mg/L for use as an oxidizer and 
detoxifier (Schnick et al. 1989). Our data indicate 
juvenile striped bass can tolerate up to nearly 
10 mg/L for 6 h. The chemical reaction of potas- 
sium permanganate with oxidizable matter pre- 
sent in ponds is almost instantaneous. The recom- 
mended application is not likely to have any effect 
on striped bass present in a pond. 

Most fungal and parasitic diseases that affect the 
culture of many warmwater fishes also affect 
striped bass. Columnaris (Flexibacter columnaris), 
a serious bacterial disease (Hawke 1976), is treated 
with a variety of chemicals, including diquat, Ter- 
ramycin, Furanace, copper sulfate, potassium per- 
manganate, and certain sulfonamides. Of this 
group, copper sulfate, potassium permanganate, 
and a sulfonamide (sulfamerazine) were tested. 
When applied at recommended rates, only copper 
sulfate may become toxic if used in soft water. The 
application rate for elemental copper is 0.2-1 mg/L 
(Schnick et al. 1989). Our data indicate a 24-h LC50 
of 0.75 mg/Lfor copper sulfate, which is equivalent 
to about 0.3 mg/L of elemental copper. 

Striped bass are highly sensitive to culture 
stresses; our data indicate that they are also highly 
sensitive to fishery chemicals. Striped bass may 
appear to be similar to rainbow trout in their 
sensitivity to fishery chemicals. However, differ- 
ences in toxicity in water of differing pH, hardness, 
and temperature strongly indicate that individual 
culture centers should conduct sensitivity tests on 
small batches of fish, in water from their own 
facilities, before chemical applications are made to 
entire raceways or holding ponds. 



SENSITIVITY OF JUVENILE STRIPED BASS TO CHEMICALS     7 

«to 
00 

05 

o I-I 00 to -* ■* to 
o o 8 to 

© CN 00 «> to CO to 3 8 co to £ o tS 

id 

OS 1 
o 
t- 
od 

X 1 
oo 
»-I 

o 
es 

1 
o 
cd 
i-i 

CN 
CN 

CN<° 
CN 
CN 

t- i 
to 
es 
CN 

CN 1 

CN 

i-H 
CO 

i 
CN 

t> 
CN 

t- 

t» 00 00 cs 00 CN o 

to ^1   i-H to I-l 3 o 
i-H o to o t- 

O 
O C- 

I-H 
o to 8 O o 

3^ 
i-H 
i-l 

i-H oo OJ co 
CN 

oö 

§ 
i 

8 
£2«o 

8 00 
to 

t- 
to 

1 
co 
cd 
to 

t o 
oo 
A 

©' 
CO 
A 

o lO OJ ■* 

I-l 
o to o 

eo 
to 

eN 
oo co © o o o i-H 

to 
I-l O © 

So 3 00 

3 
00 
CN 

1 
CO 

CN 

o 
oo 
A 

o 
X 
A 

o 
CO 
A 

o 
oo 
A 

i-H 

1 
!-H 

CN 
i-H 

© 
oo 
A 

o 
oo 
A 

co" 
© © to 

I-I ^5 
iH  i-l 

OJ 

ö 
00 
A 

$to. 

© © 
co 

© OS 

g 
A 

8 
A 

oo °i 
© 

CN 
to 

© O © O to CO © © 
© © O © °°* A O © oo oo oo 00 CN *1 00 oo 
A A A A CO 

CS 
A A 

© © © © 
© 

© to © © 
© 
oo 
A 

© 
oo 
A 

© 
00 
A 

© 
co 
A A 

© 
oo 
A 

to to 
t-' 

to CS 
od 

IM 
00 

CN 
od 

CS 
od 

to 
to 

m 
od 

to 

43 f   43§   43§   1§   4ä?   "SS   Jl   43 f   43?   43 § 
^S   ^3   ^§    £S   #£   WS    £g   ^?   &$   igcj; 

es CN 
CN 

CN CN CN CN es 



8    RESOURCE PUBLICATION 192 

8 

Si 

I 
ä 

1 

CO 
OS 

I 

00 

O <D 

i-l     CO 

^2 ^ 
O TO 

CN 

O CO 
eö 

o t» 
i 

eq co 

o c- 
co © o © 

8  5 
gi gos g« gco. $ 

**\      »*•.      r«_      ^h 

in 

OS m 
i 
rH 

co 

5» o 
8f 

o 
co 

i-i o s £ co" S co 
!-H o o OS O ■-I t-l i-H i-H i-H i-H 

o 1 
CN CD 

on 
i CN 

on CO on 
i 

OS 
co 1 

co co 
i-H 

1 
CN 

O 
i—i 

1 
CN 

o co 8 o 
i-i r- ■* CN ■* i—1 <N i-H 3 i-i on rH i—i Iß 

OS t- t- c~ OS on os 

lO 
i-H 

© *H 

& -1 

St» Q 
co 5 

l> I o 
eq ,_,- 
S A 

o 
oo 

O «H 
00 ^ 
O I 

l> 
U3 CN 

on on co on 
lO 
to oö 

Iß 
os 

43? 
£ A 

43 ^.       r-s       o    c o 

■g? «§? 

er
y 

so
 

10
-1

3 

So
ft

 
40

-4
8 

H
ar

d 
60

-1
8 

80
-3

2 

»9 ^§ o      o >w     ^     c >ss 

43^ 43? 43$ 

CN <N CN <N 



SENSITIVITY OF JUVENILE STRIPED BASS TO CHEMICALS     9 

43 

$ 

*s 73 
I J 

1 1 S$ 
0? 8 9 

1 1 
•a 

.3 s 
£ to J3 

5 OS 

1 
CO 

8, 

s 
k. o 

0 
3 

•it. 

s 
3 J3 

CO 
o 
-3 v a 
►S 

"ti 
& o 
J8 J3 ft> 

«0 »H 
■M 

Ö 
2 i 
! •c 
4-i K 00 o, 
■3 
c 
9> 

& 
& 
a 
1 d 
Ö 
s 8 

32 
^ •5 
^> fe 

•pa K 

£ -M 
id g 
JJ |© 
£ g     O 
H H 

SI o   CN o »I si 52 CN 

$ 
CN 
CO 

8 
CN 

si 

CO 
i-H 
A 

lO 

co 

8^ 
CN ©    rH O 

"  '■•   °co 

5 

s   s 

os 

to o ■* o 

to 

CO Ö ■* o 

°OS 
9 

°<5 
§8 §5 

°to 
d 

i 
m 

CN O 

co 

co 
rH 

Ö 

Ss 

CN gj 
c? Ö 

.-I 
co 
© 

s 2^ 
CN 

8§ 
O     HO 

I I 
lO 
co 

co 
ri     I 

CN 

co 
CN 

X o 
CN 

co o 
°co 

s 
d 

IN 35 CN 
1 

co 
to 

8 
3? 

<N »—I 
CD CO 

8 

CO 

H   L 

$2 s 8 

co CN rH 

CO 
CN «-< CD CO co <-" 

S° co 3» 
os ■* os 

to to 
t-' 

CN 
cö 

co 
I-H 
A 

CN 
cd 

CD 

A 

CN 
co 

CO 
i-H 
A 

CN 
CO 

CO 
rH 
A 

lO 
cd 

co 
A 

lO 
co 

«2 

CN O 

r-l 
CN 

co   • 
CN     l> CN 

CO i—t 

CO 

52^ CO   H 

CD os co © to c- l> 

3D co 8 ^ 8 to c» to 8* c- to 
09 
S CD cgS 

-CN 
i-l 

«co 
o 

«rH 
o "4 "i CN 

">to 
co 

CN i-H co <* ■* co co ■* ■* 

CO 
rH 
A 

to 
os 

£>$ ^^ ^^   gJ2 43^1 |S |8 *^ «9 «^ 
^§ «8^i «8^   ^o «8^j K8   ^8 *i ^5 ^5 

CN t- CN CN CN 
I-l CN r-t 1-1 

CN 



10    RESOURCE PUBLICATION 192 

43 

s 

1 
fc 45 

1 CS 

f 8 ". -s 
■g Vi 
Ö 8 
co' 
so * 

IO 45 
e OS CD 

*p ^ 
^ 9 

f 2 
a £ 
B 8 
1 3 45 

CO 

a 
k 

3 
«<-, 
o 
►S 
t» 43 

i-H 

•tt 
& 
Ü «> 
«0 

<M 

Ö 

1 8 

1 
T 
*A 
CO 

s 
t*^ 

jr> 09 

s§ 2 
"fr -a 
• ••A 

■8 
6 -Ö 
CO ? 
1 1   !• 
H H 

3 3 
1-H § 

co 
CO 
1-5 s iq 

r-5 
© 

§8 

co- 
05 
o oo o 

I-H 
IO 
oo 
d 

©^ 

r» o 3 i-5 § 
co 
CD 
r-5 8 

3 
i-H o rH 1 

o i-H i 

8 
o 1 

CO 
© 1 o io o 1 

CS 
i—1 i 

o i-H 1 
o i-H 1 

8 CN CN CN co I-H CN CN CN 
i-H i-H t-i 00 

© 
t- 

d d d i-H i-H i-i 

CO CO 

t-5 

CO OS CN CO 

1-5 

CO CO 

3 
CO 
i-5 S 

CO 
1-5 3 § 

CO 
r-5 

CO 
CN 

CO 
i-5 § 

CO 
i-5 § 

CD 
i-5 3 ^ 

CD 
i-5 5 

CO 
1-5 

i-H i 
o i-H 1 

o «H o .-1 o i-H 

s 
I-H 

i-H 
i-H o i-H o i-H o i-H o 

CN CN CN CN CN CN CN CN es 

CN 

CO 
CN 
CO 

I 

CN 

o 

8 os 
oo 

IO 
1> 

«9 
£ 

CN 

© CO 

8 CO     S CO 

CN CN 

CO 
«~ CD 

TF CN 

CD 

©°i 
oo co 

O 

T-H    CO 

8 
S ■* * co 

**os 
oo O "i w»o 

r- 
wco 

i-H 

i-H CN CN CN co CN 

© CD 

IO 

pi IO 

CD 

©^ 
06 CO gi CN 

IO 

os co 

i-H os 
^JH «CO o 

N8 
IO co es CN CN 

s 

o       co 
■<*   Q © 
i-H      ^H 

o       <N 
c^       os 

OS I 
to 
IO 
od 

s 
es , 

co 

rH Tf rH 
o "2 o ^   o "? c- •"i1 co t-   io os 
CÖ^ CD   ' 

oo        co 
CN CO 

oo 

to CS 
oo 

CN 

oo 
CN 

od CO 
IO 
CD 

IO 
od 

45^ 
co 

a *$ <2£   ^2 ^       J»   <-H 

<B3 
c? .3. 

o 

«8 
1 o 
rj CO 

CN es CN CN CN es es es 

.3 
co 

i 
oo 
CN 

CS 

IO 
oo 
IO © CD 

IO 
lO^ 
t~ IO 

>o 

8 >o S IO 
i 

oo 
os 

«CS 
CN 

10 oo 
o 

«CD 

■* IO •* to Tf 

IO          CN O 
8*°.           CO ■* 

C~ O   >H CO   i-H 
CD -L t-5  ' r-5 ,L 

2 HE" rH "3 C^-               i-H i-H 

■^       os os 

»o 
os 

±2$ 
S 3. 

CN 



SENSITIVITY OF JUVENILE STRIPED BASS TO CHEMICALS     11 

References 

ASTM Committee E-35 on Pesticides. 1980. Standard 
practice for conducting acute toxicity tests with 
fishes, macroinvertebrates, and amphibians, E729- 
80. Pages 1-25 in Annual book of ASTM standards, 
Bart 46. End use and consumer products. American 
Society for Testing and Materials, Philadelphia, Pa. 

Bills, T. D., L. L, Marking, and J. H. Chandler, Jr. 1977a. 
Formalin: its toxicity to nontarget aquatic organisms, 
persistence, and counteraction. U.S. Fish and Wild- 
life Service Investigations in Fish Control 73. 7 pp. 

Bills, T. D., L, L. Marking, and J. H. Chandler, Jr. 1977b. 
Malachite green: its toxicity to aquatic organisms, 
persistence, and removal with activated carbon. U.S. 
Fish and Wildlife Service Investigations in Fish Con- 
trol 75. 6 pp. 

Bills, T. D., L. L. Marking, V K. Dawson, and J. J. Rach. 
1988. Effects of environmental factors on the toxicity 
of chloramine-T to fish. U.S. Fish and Wildlife Service 
Investigations in Fish Control 96. 6 pp. 

Braschler, E. W 1975. Development of pond culture 
techniques for striped bass Moräne saxatilis (Wal- 
baum). Proceedings of the Annual Conference of the 
Southeastern Association of Game and Fish Commis- 
sioners 28:44-48. 

Committee on Methods for Toxicity Tests with Aquatic 
Organisms. 1975. Methods for acute toxicity tests 
with fish, macroinvertebrates, and amphibians. EPA 
660/3-75-009. Ecology Research Service, U.S. Envi- 
ronmental Protection Agency, Washington, D.C. 
61pp. 

Hawke, J. E 1976. A survey of the diseases of striped 
bass, Marone saxatilis and pompano, Trachinotus 
carolinus cultured in earthen ponds. Proceedings of 
the Annual Meeting of the World Mariculture Society 
7:495-509. 

Hughes, J. S. 1971. Tolerance of striped bass, Morone 
saxatilis (Walbaum), larvae and fingerlings to nine 
chemicals used in pond culture. Proceedings of the 
Southeastern Association of Game and Fish Commis- 
sioners 24:431-438. 

Johnson, W W, and M. T. Finley. 1980. Handbook of 
acute toxicity of chemicals to fish and aquatic inver- 
tebrates. U.S. Fish and Wildlife Service Resource 
Publication 137. 98 pp. 

Iitchfield, J. T, Jr., and F. Wilcoxon. 1949. A simplified 
method of evaluating dose-effect experiments. Jour- 
nal of Pharmacology and Experimental Therapeutics 
96:99-113. 

Marking, L. L. 1967. Toxicity of MS-222 to selected 
fishes. U.S. Fish and Wildlife Service Investigations 
in Fish Control 12.10 pp. 

Marking, L. L., and T. D. Bills. 1975. Toxicity of potas- 
sium permanganate to fish and its effectiveness for 
detoxifying antimycin. Transactions of the American 
Fisheries Society 104:579-583. 

Marking, L. L., andT. D. Bills. 1977. Chlorine: its toxicity 
to fish and detoxification of antimycin. U.S. Fish and 
Wildlife Service Investigations in Fish Control 74. 
5 pp. 

Marking, L. L., and V K. Dawson. 1973. Toxicity of 
quinaldine sulfate to fish. U.S. Fish and Wildlife 
Service Investigations in Fish Control 48. 8 pp. 

Parker, N. C. 1984. Culture requirements for striped 
bass. Pages 29-43 in J. R McCraren, editor. The 
aquaculture of striped bass: a proceeding. Maryland 
Sea Grant Program, University of Maryland, College 
Park. 

Piper, G., I. B. McElwain, L. E. Ome, J. E McCraren, 
L. G. Fowler, and J. R. Leonard. 1982. Fish hatchery 
management. U.S. Fish and Wildlife Service, Wash- 
ington, D.C. 517 pp. 

Raney, E. C, E. E Tresselt, E. H. Hollis, V D. Vladykov, 
and D. H. Wallace. 1952. The striped bass (Roccus 
saxatilis). Bulletin of the Bingham Oceanographic 
Collection Yale University 14.117 pp. 

Schnick, R. A., F. R Meyer, andD. L. Gray. 1989. A guide 
to approved chemicals in fish production and fishery 
resource management. MP 241-5M-1-89RV U.S. 
Fish and Wildlife Service and University of Arkan- 
sas Cooperative Extension Service, Little Rock. 
27 pp. 

Setzler, E. M., W. R. Boynton, K. V Wood, H. H Zion, 
L. Lubbers, N. K. Mountford, R Frere, L. Tucker, and 
J. A. Mihursky. 1980. Synopsis of biological data on 
striped bass, Morone saxatilis (Walbaum). National 
Oceanic and Atmospheric Administration Technical 
Report, National Marine Fisheries Service Circular 
433.69 pp. 

Stevens, R E. 1979. Striped bass culture in the United 
States. Commercial Fish Farmer and Aquaculture 
5(3):10-14. 

Stickney, R R 1986. Culture of nonsalmonid freshwater 
fishes. CRC Press, Inc., Boca Raton, Fla. 201 pp. 

Wellborn, T. L., Jr. 1969. Toxicity of nine therapeutic and 
herbicidal compounds to striped bass. Progressive 
Fish-Culturist 31:27-32. 

Willford, W. A. 1966. Toxicity of 22 therapeutic com- 
pounds to six fishes. U.S. Fish and Wildlife Service 
Investigations in Fish Control 18. 10 pp. 

♦U.S. GOVERNMENT PRINTING OFFICE 1993-0-774-275/80002 



A list of current Resource Publications follows. 

174. Obsolete English Names of North American Birds and Their Modem Equivalents, by 
Richard C. Banks. 1988. 37 pp. 

175. Procedures for the Analysis of Band-recovery Data and User Instructions for Program 
MULT, by Michael J. Conroy, James E. Hines, and Byron K. Williams. 1989. 61 pp. 

176. Sago Pondweed (Potamogeton pectinatus L.): A Literature Review, by Harold A. 
Kantrud. 1990.90 pp. 

177. Field Manual for the Investigation of Fish Kills, by Fred P. Meyer and Lee A. Barclay, 
editors. 1990.120 pp. 

178. Section 404 and Alterations in the Platte River Basin of Colorado, by Douglas N. 
Gladwin, Mary E. Jennings, James E. Roelle, and Duane A. Asherin. 1992. 19 pp. 

179. Hydrology of the Middle Rio Grande From Velarde to Elephant Butte Reservoir, New 
Mexico, by Thomas F. Bullard and Stephen G. Wells. 1992. 51 pp. 

180. Waterfowl Production on the Woodworth Station in South-central North Dakota, 
1965-1981, by Kenneth F. Higgins, Leo M. Kirsch, Albert T. Klett, and Harvey W. Miller. 
1992.79 pp. 

181. Trends and Management of Wolf-Livestock Conflicts in Minnesota, by Steven H. Fritts, 
William J. Paul, L. David Mech, and David P. Scott. 1992. 27 pp. 

182. Selection of Prey by Walleyes in the Ohio Waters of the Central Basin of Lake Erie, 
1985-1987, by David R. Wolfert and Michael T. Burr. 1992. 14 pp. 

183. Effects of the Lampricide 3-Trifluoromethyl- 4-Nitrophenol on the Pink Heelsplitter, by 
Terry D. Bills, Jeffrey J. Rach, Leif L. Marking, and George E. Howe. 1992. 7 pp. 

184. Methods for Detoxifying the Lampricide 3-Trifluoromethyl-4-Nitrophenol in a Stream, 
by Philip A. Gilderhus, Terry D. Bills, and David A. Johnson. 1992. 5 pp. 

185. Group Decision-making Techniques for Natural Resource Management Applications, by 
Beth A. K. Coughlan and Carl L. Armour. 1992. 55 pp. 

186. DUCKDATA: A Bibliographic Data Base for North American Waterfowl (Anatidae) and 
Their Wetland Habitats, by Kenneth J. Reinecke and Don Delnicki. 1992. 7 pp. 

187. Dusky Canada Goose: An Annotated Bibliography, by Bruce H. Campbell and John E. 
Comely. 1992. 30 pp. 

188. Human Disturbances of Waterfowl: An Annotated Bibliography, by Robert B. Dahlgren 
and Carl E. Korschgen. 1992. 62 pp. 

189. Opportunities to Protect Instream Flows and Wetland Uses of Water in Nevada, by 
James L. Bingham and George A. Gould. 1992. 33 pp. 

190. Assessment of Habitat of Wildlife Communities on the Snake River, Jackson, Wyoming, 
by Richard L. Schroeder and Arthur W. Allen. 1992. 21 pp. 

191. Evaluating Temperature Regimes for Protection of Smallmouth Bass, by Carl L. 
Armour. 1993. 26 pp. 

NOTE: Use of trade names does not imply U.S. Government endorsement of commercial products. 



H 

TAKE PRIDE 
in America 

U.S. DEPARTMENT OF THE INTERIOR 
FISH AND WILDLIFE SERVICE 

f        um.        \ 

As the Nation's principal conservation agency, the Department of the Interior has responsibility 
for most of our nationally owned public lands and natural resources. This includes fostering the 
wisest use of our lands and water resources, protecting our fishes and wildlife, preserving the 
environmental and cultural values of our national parks and historical places, and providing for 
the enjoyment of life through outdoor recreation. The Department assesses our energy and 
mineral resources and attempts to assure that their development is in the best interests of all our 
people. The Department also has a major responsibility for Native American reservation 
communities and for people who live in island territories under U.S. administration. 


